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(A-l, A-2) Yarnamoto et
$\mathrm{a}1^{9)}$. $\overline{\psi}_{\text{ }}\overline{w}$
$\psi_{\tau 1l^{\text{ }}}\tau v_{n\iota}$
$’\sqrt\supset(r_{2}\alpha, t)=\mathrm{t}\overline{\int)}(\Gamma, \alpha)+^{\psi,(\Gamma\alpha,t)}?l$
”
$w(r, \alpha, t)=\overline{w}(r, \alpha)+wn?(r, \alpha, t)$
2
$\psi,,,$
$\text{ }\iota v_{\gamma 1}$,
$\psi_{n\iota}(r, \alpha, t)=\hat{\psi}(\uparrow\cdot, \alpha)e^{\lambda^{\gamma}}$ , (1a)
$\iota\{)(\gamma)1\mathrm{B}a,$$t)\Gamma.=\hat{\omega}(\uparrow\cdot, c\iota’)\epsilon\cdot\lambda t$ $(1b)$
$\iota./\wedge$
) $(\uparrow\cdot., \alpha)\text{ }\hat{w}(\uparrow\cdot, \alpha)$ Fourier-Chebyshev
$(\mathit{1}^{\wedge}",$
$= \sum\Lambda^{f}\sum\wedge/IF_{n\prime\}}^{S},\Psi n\eta \mathrm{t}(R)\sin n\alpha+\sum_{\prime?=0}^{N}\sum_{0m=}F_{1}^{c}\Psi_{n}(\mathrm{t}\tau’ l7|lR\Lambda/I)\cos 7\tau\alpha$ , $(2a)$
$n=1,’\iota=0$
$\iota\{)=\wedge\sum_{||=1\gamma||}’\sum_{0=}w_{rl?\}l}^{7}s\Phi nn?(R)\sin t?\alpha+\sum_{0}\Lambda Mn=\wedge \mathrm{r}\pi\iota\sum^{/}\nu \mathrm{f}_{r}/^{-}c\Phi nm(R)\cos=\wedge l0|\eta l\tau’\alpha$ , $(2b)$
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$R=2r-1$ .
$\Psi_{nl’\}}(R)_{\text{ }}\Phi_{\}\mathit{7}\}l},(R)$ $m$ Chebyshev $T_{\mathit{7}l},(R)$
$\Psi_{17\}\}},(R)=(R-1)^{2}(R+1)2\tau_{n},(R)$ $(\uparrow\gamma$. $\geq 2)$ ,
$\Psi_{1t’ \mathrm{t}}(R)=(R-1)^{2}(R+1)(R+.3)$ $(7n=0)$ ,
$\Psi_{1,11}(R.)=(R-1)^{2}(R+1)2\tau r\eta-1(R.)$ $(7??\geq 1)$ ,
$\Psi_{0’ \mathrm{t}}\}(R)=(R-1)2(R^{2}+\cdot 3R+\cdot 3)$ $(m$. $=0).$,
$\Psi_{\mathrm{u}’\}},(R)=(R$. $-1)^{2}(R+1)^{2}Tn?-1(R)$ $(\uparrow\geq 1)$ ,
$\Phi_{nr’\}}(R)=(R-1)(R$. $+1)T_{n\tau}(R)$ $(l7\geq 1))$
$\Phi_{0m}(R)=(R-1)(R+\cdot 3)$ $(n\mathrm{z}=0)$ ,
$\Phi_{0t’)}(R.\mathrm{I}=(R-1)(R+1)^{2}T_{n1-}1(R)$ $(\uparrow n\geq 1)$ .
$\lambda>0$ $\lambda<0$
$\lambda$
$(1\mathrm{a})_{\text{ }}(11\supset)$ $(2\mathrm{a})_{\text{ }}(2\mathrm{b})$
$\pi i$
$R_{i}=\cos_{\overline{\mathit{1}\mathrm{t}I+2}}$ $(1 \leq\dot{\iota}\leq M+1)$ ,






$\overline{\delta}=0.01$ . $\mathrm{o}.1$ $0\leq\beta_{0}\leq 1.8$ 1




Yamaanoto et ($\backslash ’.1$ . 10) $\text{ }$
Reynolds 800
– 2(a), (b) 1
$\delta=0.01$ 2 $\delta=0.1$ . $\blacksquare$
Reynolds $\beta 0>0.6$ $0$
$\triangle$
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$w$ 1/, :
$- \frac{\partial\cdot w}{\partial f}+\triangle u)=\frac{1}{\uparrow\backslash }(\frac{\partial\tau\int}{\partial_{\mathrm{C}\mathrm{t}}\prime},’\frac{\partial\tau v}{\partial\uparrow\backslash }-\frac{\partial\psi}{\partial_{7’}}\frac{\partial w}{\partial a})+\frac{\delta}{\omega}(\sin a\frac{\partial\psi}{\partial_{7^{-}}}$
.
$+ \underline{\cos c}\uparrow\backslash \iota^{\mathit{1}}\frac{\partial\psi}{\partial \mathrm{c}\iota’})w$
$-D_{n}-()^{-} \gamma’(\cos\alpha)\triangle w+\frac{\overline{\delta}^{2}}{\omega}w-\overline{\delta}\Lambda w$
$- \beta_{0}[.\frac{arrow\overline{\delta})}{\omega}\Omega\frac{\partial?\int}{\partial_{0’}},+\cdot\frac{arrow\delta^{2}7\mathrm{s}\mathrm{i}11\alpha}{\uparrow\cdot\omega^{3}}\{(\frac{\partial_{\mathrm{t}\int})}{\partial \mathrm{e}1})2+r^{2(\frac{\partial\sqrt)}{\partial\uparrow\backslash }}\mathrm{I}2\}+\cdot\frac{)\overline{\delta}}{r^{2}\omega^{2}}\frac{\partial\sqrt)}{\partial\alpha}\frac{\partial^{2_{\sqrt)}}}{\partial\alpha^{2}}arrow+\cdot\frac{arrow\delta)}{\omega^{2}}\frac{\partial\uparrow \mathit{1}’}{\partial\uparrow-}.\frac{\partial^{2}\mathrm{t}\mathit{1})}{\partial\alpha\partial\uparrow}$
.
$-(. \frac{arrow\delta^{2})\mathrm{s}\mathrm{i}_{1}1\alpha}{\uparrow\cdot\omega^{\underline{9}}}-\cdot.\frac{3\delta^{3}\mathrm{s}\mathrm{i}_{1}\mathrm{u}\underline{>}\alpha}{\omega^{3}}.\cdot)\frac{\partial\psi}{\partial\alpha}+(.\frac{\underline{7}\delta^{2}\cos \mathrm{o}\prime}{\omega^{2}}+\cdot\frac{6\overline{\delta}^{3}7^{\backslash }\mathrm{S}.\mathrm{i}\mathrm{l}1^{2}\alpha}{\omega^{3}})\frac{\partial\eta’}{\partial\uparrow},$
’




$\frac{\partial \mathrm{c}\iota}{\partial\alpha},$$\frac{\partial_{1}f}{\partial_{7^{\backslash }}’}arrow..+\frac{4\delta^{3_{7}.2_{\mathrm{S}}}\neg \mathrm{i}_{11^{2}\mathit{0}}}{\omega^{3}}.\mathrm{t}\{^{)+}\frac{4\delta^{\underline{9}}\iota \mathrm{s}\mathrm{i}11a}{\omega^{2}},\frac{\partial w}{\partial\alpha}+\frac{4\delta}{\omega}\frac{\partial^{2}u)}{\partial c\iota’2}]$
$-/ \mathit{3}_{0}^{3}[.\frac{1_{arrow}^{)}\delta 4r\mathrm{s}^{\neg}113.1^{\underline{\eta}}\alpha}{\omega^{\mathrm{J}}\ulcorner}.\frac{\partial\dot{\psi}}{\partial\uparrow},’+\cdot.\frac{!^{\underline{7}\delta^{3_{7},2_{\mathrm{S}}}\mathrm{i}_{1}}1\alpha}{\omega^{4}}\frac{\partial^{2}\sqrt}{\partial a\partial\uparrow},,$ $+ \frac{4\delta^{3}r^{2}\cos\alpha}{\omega^{4}}\frac{\partial\cdot\psi}{\partial r}+\frac{4_{\mathrm{t}}\overline{)}^{2_{7^{\backslash }}}}{\omega^{3}}.\frac{\partial^{3}\cdot\sqrt}{\partial 0^{2}\prime\partial\uparrow\backslash },]$
$-_{\mathit{1}’} \overline{f}_{\mathrm{u}}^{1}\angle[.\frac{1_{arrow}^{7}\delta^{4}?\prime.4.\mathrm{s}\mathrm{i}\mathrm{l}\mathrm{u}^{2}c\mathrm{t}}{\omega^{r_{)}}}w+\cdot\frac{1_{arrow}^{7}\delta^{33}7\tau \mathrm{s}\mathrm{i}_{1}1C\mathrm{t}}{\omega^{4}}$
.





$\Lambda=\cos c\mathrm{t}^{\frac{\partial}{\partial\uparrow\backslash }}.-\underline{\mathrm{s}^{\backslash }\mathrm{i}_{11}o!}7\backslash \frac{\partial}{\partial a}.\cdot$
$\Omega=-\frac{1}{\omega}[\triangle\cdot \mathrm{t}/’-\frac{\overline{b}}{\omega}\Lambda_{1}.\mathit{1}^{l})+\beta_{0}\{\frac{\partial}{\partial\uparrow}.(\uparrow’.\iota\iota’ \mathrm{I}+\frac{\alpha)}{\omega}\}]$ .
$(A-3)$
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$-( \triangle-\frac{(i}{\omega}\frac{\partial}{\partial\backslash \prime\iota}.\cdot)\frac{\partial\cdot\iota/1}{\partial t}+\triangle^{2}\psi=\uparrow\backslash \underline{1}(\frac{\partial\uparrow \mathit{1})}{\partial\uparrow\backslash }\frac{\partial\Omega}{\partial_{0^{l}}}-\frac{\partial\cdot\iota \mathit{1}^{)}}{\partial\alpha}\frac{\partial\Omega}{\partial\uparrow},$
$)+ \frac{\overline{\delta}\Omega}{\omega}(\sin\alpha\frac{\partial_{1}/}{\partial\uparrow\backslash }.’+\frac{\cos\alpha}{r}\frac{\partial\uparrow/1}{\partial a},)$
$-\cdot\iota \mathit{1})(\sin$ cv $\frac{\partial\tau()}{\partial\uparrow\backslash }+\frac{\cos\alpha}{\uparrow},\frac{\partial u)}{\partial_{0’}})+\cdot\frac{\underline{?}\overline{\delta}}{\omega}\Lambda\triangle^{\psi}-\cdot\frac{3\overline{\delta}^{2}}{\omega^{2}}\Lambda 2\sqrt J+\cdot\frac{3\overline{\delta}^{\mathit{3}}}{\omega^{3}}\Lambda\cdot\psi$ ’
$-/ \mathit{3}_{0}[-,\frac{p)\uparrow \mathrm{s}\mathrm{i}11\alpha}{\omega}\cdot w\Omega-\Omega\frac{\partial w}{\partial a}-\frac{\overline{\delta}^{2}\mathrm{s}\mathrm{i}_{1}\mathrm{u}^{2}c\iota’}{\omega^{3}}.u’\frac{\partial?/)}{\partial c\iota\prime}-\frac{\overline{\delta},\mathrm{S}\mathrm{i}11\alpha}{1\omega^{2}}.\cdot \mathrm{t}v\frac{\partial^{2_{1/}}}{\partial c\iota^{2}\mathrm{I}}..’$
$+ \frac{\overline{\delta}^{2_{\gamma\cdot.\mathrm{b}}}\cdot \mathrm{i}_{1}.1^{7_{\mathrm{C}\backslash }}arrow}{arrow 7\omega^{3}}.(l^{)\frac{\partial_{1/’}.1}{\uparrow}+}\frac{\overline{\delta}\mathrm{c}\mathrm{t}\mathrm{J}\mathrm{S}\alpha}{\omega^{2}}w\frac{\partial^{2}\sqrt}{\partial a\partial\uparrow},$
.
$- \frac{\overline{\delta}\mathrm{s}^{\backslash }\mathrm{i}1)c\iota\prime}{\uparrow\cdot\omega^{2}}\frac{\partial\cdot u)}{\partial_{\mathrm{C}\mathrm{t}}\prime}\frac{\partial\uparrow i’}{\partial \mathit{0}}$
.
$-. \frac{1}{\uparrow^{2}\omega}\frac{\partial\iota v}{\partial_{\mathit{0}^{\mathit{8}}}}\frac{\partial^{2}\mathit{1}l)}{\partial\alpha^{2}}$
$- \cdot\frac{\delta\uparrow\cdot\backslash \mathrm{b}^{\backslash }\mathrm{i}\mathrm{n}\zeta \mathrm{t}}{\omega-},\cdot\frac{\partial \mathrm{t}1^{1}}{\partial\uparrow}.\frac{\partial \mathrm{t}f}{\partial\uparrow}.’-\frac{1}{\omega}\frac{\partial\iota\{)}{\partial\uparrow\backslash }\frac{\partial^{2}\tau/}{\partial a\partial\uparrow\backslash },’-\frac{\overline{\delta}}{\omega}\Lambda\frac{\partial\uparrow\cdot\cdot w}{\partial c\iota’}-\cdot\frac{3\grave{\delta}}{\omega^{2}}\Lambda w+\frac{1}{\omega}\triangle w+\frac{\delta^{2}}{\omega^{3}}.(.3w+\omega w)$
$+ \triangle\frac{\partial\uparrow \mathrm{t}\mathit{0}}{\partial\uparrow}..+\frac{\overline{\delta}\mathrm{s}\mathrm{i}_{\mathrm{l}1\mathrm{O}}}{7^{\backslash }\omega^{2}}\frac{\partial w}{\partial c\iota^{\mathit{1}}}-\cdot\frac{\underline{i)}\overline{\delta}\cos\zeta\iota\prime}{\uparrow\omega}\frac{\partial^{2}w}{\partial\alpha^{2}}-\backslash \cdot,\frac{\overline{\delta}\mathrm{s}\mathrm{i}_{11c}\iota^{J}}{\omega}\frac{\partial^{2}u)}{\partial 0\partial\uparrow\backslash }-arrow\frac{\overline{\delta}(\cos \mathrm{c}\mathrm{t}’+\delta\uparrow)}{\omega^{2}},\frac{\partial w}{\partial\uparrow\backslash }]$








$+ \{.\frac{9\overline{\delta}^{3_{l}}\cdot\sin\underline{7}\alpha}{\llcorner\vee’ \mathrm{l}}‘.\cdot-\frac{2\delta^{2}\mathrm{s}\mathrm{i}.11\alpha}{\uparrow\cdot\omega^{3}}+\cdot,\frac{-8\delta^{4_{t\mathrm{S}}}\cdot.\mathrm{i}_{1}1^{3}C\downarrow!}{\omega^{r_{)}}}.+\frac{\mathit{2}\overline{\delta}^{4}\uparrow\sin c\iota}{\omega^{5}},,$ $+ \cdot\frac{\grave{\delta}^{3_{\mathrm{S}}}\mathrm{i}_{1.\mathrm{u}^{\underline{y}}\mathrm{c}}\mathrm{Y}}{\omega^{r_{)}}}.\}\frac{\partial\cdot\iota l’}{\partial a}$
$+ \{\frac{8\delta^{2},\cos\alpha}{\uparrow\omega^{4}}+\frac{\mathrm{S}\delta^{3}}{\omega^{4}}+\cdot\cdot\frac{\underline{)})arrow\overline{\delta}3\mathrm{S}\mathrm{i}11^{2}\alpha}{\omega^{4}}\}\frac{\partial^{2}\sqrt)}{\partial c\iota^{l}\underline{9}}$
$+ \mathrm{t}(22-8\overline{\delta}\gamma\cdot\cos 0-)’\frac{\overline{\delta}^{3}\uparrow \mathrm{s}\mathrm{i}_{11^{2}a}}{\omega^{r_{)}}}.+\frac{4\delta^{2}\cos \mathrm{c}\iota’}{\omega^{4}}-\frac{4\overline{\delta}^{3}\uparrow}{\omega^{4}}.,$ $\}\frac{\partial_{l\int})}{\partial\uparrow\backslash }+\{.\frac{\underline{7}\overline{\delta}^{2}r\cos\alpha}{\omega^{3}}.+\cdot.\frac{6\delta^{3}r^{2_{\mathrm{S}}}\mathrm{i}_{1}1^{2}\alpha}{\omega^{4}}\}\frac{\partial^{2_{1\int}},)}{\partial_{l^{2}}}$
.
$+12(1- \delta 7^{\cdot}\cdot\cos a)\frac{\delta^{2}\sin\alpha}{\omega^{4}}\frac{\partial^{2}\uparrow\int}{\partial a\partial r},+(1-2\delta\Gamma\cos\alpha)\frac{\underline{?}\delta}{?^{\tau}\omega^{3}}.\frac{\partial^{3}?l’}{\partial\alpha^{2}\partial_{7^{-}}}$
.
$+ \frac{6\overline{\delta}^{2_{7^{\tau}\mathrm{s}}}\mathrm{i}_{1}\mathrm{u}\alpha}{\omega^{3}},\frac{\partial^{3}\psi}{\partial\alpha\partial r\sim},+\frac{2b}{\omega^{2}}\frac{\partial^{4}\cdot\sqrt)}{\partial\alpha^{2}\partial t\backslash 2}]$
$-/ \mathit{3}_{()}’[\{2(3-\delta\Gamma\cos\alpha)\frac{\overline{\delta}^{2}\uparrow\cos C\mathrm{t}\prime}{\omega^{4}},+6(4-\hat{\delta}\uparrow\cdot\cos C\iota)^{\frac{\overline{\delta}^{3_{l},2_{\mathrm{S}}},\mathrm{i}\mathrm{l}1^{2}\alpha}{\omega^{5}}\}u}.)$
$+6(.3- \delta\uparrow\cdot\cos\alpha)\frac{\overline{\delta}^{2_{\Gamma \mathrm{S}\mathrm{i}_{\mathrm{l}\mathrm{l}\mathrm{C}}\iota!}}}{\omega^{4}}\frac{\partial w}{\partial \mathit{0}/}+(2-\overline{\delta}\uparrow^{-}\cdot\cos c\backslash \cdot).\frac{arrow y\overline{\delta}}{\omega^{3}}.\frac{\partial^{2}u)}{\partial\alpha^{2}}$
$+ \{.\cdot‘\frac{arrow b^{\underline{)}\underline{)}})/.\cdot(()_{-}\mathrm{t})(_{-}\iota}{\omega^{\}}}.,\cdot,+\cdot\cdot\frac{6\wedge^{3_{\gamma},;_{\mathrm{S}}}.\mathrm{i}_{1}1C1’}{\omega^{4}}\underline’\}\frac{\partial \mathrm{t}l.)}{\partial\uparrow}+\cdot\cdot\frac{6\wedge^{\underline{\rangle})}\uparrow^{\sim}.\mathrm{s}\mathrm{i}_{\mathrm{l}\mathrm{u}}\alpha}{\omega^{3}}..\frac{\partial^{\underline{9}}\iota()}{\partial c\mathrm{t}\cdot\partial\gamma}$
.
$+ \cdot\frac{7\wedge\prime^{\tau}}{\omega^{2}}\frac{\partial^{3_{\mathrm{l}(\}}}}{\partial\alpha^{2}\partial\uparrow}...]arrow$ .
(A–2)
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